Supplementary Data General Comparison of Linear and Circular ssRNAs
We have analyzed 10,000 randomly-permuted single-stranded (ss) RNA sequences of length 400 nucleotides (nt), 5,000 of length 1,000 nt, 2,000 of length 4,000 nt, and 1,000 of length 8,000 nt. All sequences were of uniform nucleotide composition. These differ from the randomly permuted sequences depicted in Fig. 3 only in that the latter are of "viral-like" (rather than uniform) composition. As explained in the main text, the external loop size, , is insensitive to moderate changes in composition. Each sequence was folded with RNAsubopt, a program in the vienna RNA folding package, version 1.7 (1, 2) , as both a linear ssRNA and a circular ssRNA. Thus, the sets of sequences used in determining the statistics for the circular ssRNAs were the same as those used for the linear ssRNAs.
Table S1 provides a comparison of the predicted secondary structures of the linear and circular variants, for several characteristics. These include:
• Minimum free energy (MFE).
• Ensemble free energy (EFE). The EFE is given by
where the sum is over all structures in the ensemble; note that EFE < MFE.
• Frequency of occurrence of the MFE structure in the ensemble. This is given
, where the sum is over all structures in the ensemble. • Ensemble diversity, which is a measure of structural diversity within the ensemble (3). The ensemble diversity is the Boltzmann-weighted mean pairwise "structural distance" between all structures in the ensemble. The "structural distance" between two structures is the number of base pairs present in the first structure but not the second, plus the number present in the second but not the first. • Maximum and average ladder distance (MLD and LD), which are measures of the "extendedness" of a secondary structure (4, 5) . • Fraction of nucleotides paired ( ).
• Average duplex length ( ). Broadly, it can be seen that the average values for the linear and circular sequences are very similar. There are systematic differences-for example, the MFEs and EFEs of the folded linear sequences average 7 lower than those of the folded circular variants. The origin of this difference is likely the added entropy the linear folds gain from the open exterior loop. However this, and the other systematic differences seen in Table S1 , result from an "end effect" and are therefore small, consistent with our conclusion that circular and linear ssRNAs have essentially the same secondary structures for any given sequence. 6.9 ± 1.0 7.0 ± 1.0 6.9 ± 0.6 6.9 ± 0.6 6.9 ± 0.3 6.9 ± 0.3 6.9 ± 0.6 6.9 ± 0.2 k (base pairs)
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The degree of branching of the external loop. Max. d int : The largest degree of branching found in interior loops of all structures of all sequences (for circular sequences, only interior loops containing bases 1 and N were examined here, but this is equivalent to all loops, because of the large sample size, and the random nature of the sequences). Max. d ext : The largest degree of branching found in the exterior loops of all structures of all linear sequences.
Ladder Distance Distribution
The effective circularization of a linear ssRNA resulting from secondary structure formation is not confined to the 5´ and 3´ ends, but rather extends to the molecule globally. Here we analyzed 2,000 randomly-permuted sequences of length 4,000, all of uniform composition. Each sequence was folded with RNAsubopt as both a linear and circular ssRNA. Fig. S1 compares the secondary structures of the linear and circular variants by plotting the distribution of ladder distances associated with nucleotides whose positions on the primary sequence differ by . is the minimum number of base pairs ("rungs" on a "ladder") that must be crossed to traverse the secondary structure from base to base . It serves as a measure of the effective distance separating bases within an RNA secondary structure (4, 5) .
The configurational statistics of a denatured linear ssRNA (one without secondary structure) are the same as those for any linear, flexible, homopolymer. In particular, the average (root-mean-square) distance between bases and increases monotonically with , e.g., as for ideal chains. By contrast, in a denatured circular ssRNA, the average distance initially increases with , reaches a maximum, and then decreases-as expected, since bases 1 and are as close as bases 1 and 2. When the circular ssRNA is allowed to form a secondary structure, the relationship between and the distance separating bases and remains qualitatively the same. However, when the linear ssRNAs are allowed to form secondary structures, their distance relationships become, on average, almost identical to those for the circular ssRNAs. Fig. S1 shows as a function of for both linear and circular ssRNAs; the curves are essentially identical. By construction, for circular ssRNAs, ; but, in addition, for the linear ssRNAs, . Figure S1 . Comparison of distance distributions for linear and circular ssRNAs. The curves show average results for 2,000 linear and 2,000 circular randomly-permuted 4,000 nt ssRNAs. Sequences are of uniform composition, and were folded by RNAsubopt (1, 2) . LD i,j is the ladder distance (4, 5) between the i th and j th nucleotides in a secondary structure, and |i−j| is their separation on the primary sequence. The results for the linear sequences (solid black curve) and circular sequences (dashed gray curve) are nearly identical. 
